
1 Malaysian Association of Education in Medicine and Health Sciences and  
Penerbit Universiti Sains Malaysia. 2021 

This work is licensed under the terms of the Creative Commons Attribution (CC BY)  
(http://creativecommons.org/licenses/by/4.0/).

Volume 13 Issue 4 2021

DOI: 10.21315/eimj2021.13.4.1

ARTICLE INFO

Received: 16-07-2021
Accepted: 23-08-2021
Online: 30-12-2021

CORRESPONDING AUTHOR 	 Sarah Yew, Lee Kong Chian School of Medicine, Nanyang Technological University, 11 
Mandalay Road, 308232 Singapore

Email: sarahyyy123@gmail.com

INTRODUCTION

Suturing skills in medical school have 
conventionally been taught in a lab-based 
environment with hands-on practice for 
students to hone their skills (1). Skills are 
usually first acquired by medical students 
through observation and then performing 

surgical procedures themselves (1). Having 
the ability to suture is a crucial skill for 
many doctors and hence, medical students 
need to be taught well during medical 
school. 

However, students are often unprepared 
to perform suturing in clinical practice, 
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ABSTRACT
Suturing skills are usually acquired by medical students through observation and then practice. There is 
a pressing need to develop more efficient teaching methods as students are often unprepared to perform 
suturing in clinical practice. This study therefore aims to investigate the benefits and limitations of 
different technological teaching methods and determine if technological methods are superior to 
conventional teaching. The search was conducted using ScienceDirect, PubMed and Scopus with 
different combinations of the key terms “suturing”, “suture”, “knot-tying”, “suturing skill”, “surgical 
skill”, “teaching methods” and “medical students”. Overall, 19 relevant articles were shortlisted, 
discussing the use of virtual reality, augmented reality, videos and programmes in teaching suturing 
skills. The use of instructional videos is a good alternative to the traditional lab-based method while 
video self-reflection was found to be an effective enhancement. Integration of these methods could be a 
valuable addition to the current curriculum. 
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technological teaching methods for basic 
suturing skills were shortlisted for review. 
With the aim of consolidating and reviewing 
alternative suturing instructional methods 
in medical schools, we only included 
studies where medical school students are 
participants and the teaching methods rely 
on technology. 

Exclusion Criteria

We excluded articles which have an 
exclusive focus on specific suturing 
techniques such as knot tying and 
laparoscopic suturing. Articles discussing 
non-technological or traditional teaching 
methods for surgeons or residents were also 
excluded from this review. Review articles, 
news items and conference abstracts were 
not included in the search. 

Search Selection

Relevant studies were first identified by 
reviewing the titles and abstracts, according 
to our inclusion and exclusion criteria. The 
shortlisted articles were then ascertained 
for their relevance by reviewing the full 
texts. We also combed through the citation 
lists of shortlisted articles to further identify 
relevant studies for discussion. 

Data Extraction

Data illustrating the effectiveness, benefits 
and limitations of the different technological 
methods for teaching suturing was extracted 
and compiled into a table (refer Table 1). 
Specific information extracted includes 
the sample size, duration of intervention, 
method of intervention, method of 
assessment and the benefits and limitations 
of the teaching method. 

resulting in a pressing need to develop more 
efficient teaching methods (2). With the 
advancements in technology, it is perhaps 
time to consider better methods of teaching 
suturing skills to medical students, such that 
they remain proficient even after graduation. 
The current climate of the COVID-19 
pandemic may also call for methods 
allowing remote teaching (3).

Currently, many medical institutions 
are incorporating technology into their 
education curriculum. Some examples 
include virtual reality (VR), augmented 
reality (AR), video-based instruction and 
computer-based learning. 

To date, there have been no literature 
reviews regarding the use of various 
technological methods to teach suturing 
skills to medical students. This study aims 
to investigate the benefits and limitations 
of using different types of technology for 
teaching and determine if technological 
methods are superior to conventional 
teaching. 

METHOD 

Search Strategy

The search was conducted using scientific 
databases: ScienceDirect, PubMed and 
Scopus. Different combinations of the key 
terms “suturing”, “suture”, “knot-tying”, 
“suturing skill”, “surgical skill”, “teaching 
methods” and “medical students” were used 
to find eligible studies. 

Inclusion Criteria

Language of publication was restricted to 
English and studies selected were all original 
articles. Studies investigating different 
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Lia et al.’s  studies, where participants 
showed an increase in proficiency level with 
no statistically significant differences from 
the control groups (7–8).

Objective measure to record data and track 
progress

The VR simulators in O’Toole et al. and 
Amirian et al.’s study had an important 
advantage in being objective measures of 
surgical suturing skills. They were able to 
provide the users with detailed information 
regarding the simulated tissues, surgical 
tools and motions of the user using 
carefully programmed VR technology. The 
VR simulators were also able to record 
performance data during the training 
session and provide these data as a form of 
feedback to users, allowing users to review 
their performance and track their technical 
progress (4–5).

More realistic simulation and practice 
opportunities

VR and AR offer more realistic simulation 
as compared to the use of live animals, inert 
materials and cadavers. The realism of the 
simulator was justified in O’Toole et al.’s 
study by a pre-test showing significantly 
better surgical performance by qualified 
surgeons than medical students when using 
the surgical simulator (4). The authors 
reasoned that the ability of the simulator to 
differentiate between the skills of surgeons 
and medical students showed its success in 
being a realistic simulator for practice and 
measurement of skills (4). In Amirian et al.’s 
study, a post-training survey was conducted 
and participants confirmed the realism of 
the surgical tool simulators but rejected the 
validity of the simulator’s tissue behaviour 
(5). Participants in Lia et al.’s study also 
confirmed the enhanced realism of the 
HoloLens (8).

Participants’ preferences

In Amirian et al.’s study, participants of 
a post-training survey found the surgical 
simulators useful in training suturing skills 

RESULTS AND DISCUSSION

Overall, 19 relevant articles were shortlisted. 
The shortlisted articles can be categorised 
into:

a.	 Articles discussing the use of and 
AR, technology in teaching suturing 
skills. 

b.	 Articles discussing the use of 
instructional videos or programmes 
in teaching suturing skills. 

c.	 Articles discussing the use of video 
feedback in teaching suturing skills. 

d.	 Articles discussing the use of point-
of-view video in teaching suturing 
skills. 

Effectiveness of VR and AR Technology as 
Teaching Methods for Suturing Skills

A total of 4 out of the 19 articles discussed 
the various uses of VR and AR as innovative 
methods for teaching basic suturing skills. 
The four articles covered two different 
designs of VR surgical simulators and a 
holography-augmented training platform 
using voice commands and statistical 
analysis.

Improvement in suturing performance

In O’Toole et al.’s study, the medical 
students showed significant improvement 
in six out of the seven parameters used 
to quantify suturing skills after the 
training session, although it is debatable 
whether the improvement was due to 
an actual refinement in suturing skills 
or due to increased familiarity with the 
3D needle simulator (4). For Amirian  
et al.’s version of the VR surgical simulator, 
participants also showed statistically 
significant improvements in suturing 
skills, but it is notable that there were no 
statistically significant differences between 
participants trained using the surgical 
simulator and participants who underwent 
dry lab practices instead (5). Similar 
results were shown in Lemke et al. and  
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(5). However, in Lemke et al.’s study, 
the lack of personalised feedback was 
amongst the reasons for the holography-
augmented training programme being the 
least preferred, compared to traditional 
methods of faculty- and peer-led discussions 
(7). There was also feedback given by the 
participants on the discomfort of wearing 
headsets while undergoing training (7). 
Participants in Lia et al.’s study found the 
HoloLens training useful (8).

Other benefits

An obvious advantage of these 
technologically advanced training methods 
would be their availability at any time 
of the day, where students can obtain 
realistic training without being restricted by 
operating theatre schedules. They can also 
minimise the risks to patients and lower cost 
in the long run, other than Lemke et al.’s 
study which found out that the incremental 
costs of the holography-augmented training 
programme were actually greater than 
traditional methods (4–8).

Limitations of studies

Small sample size was a common limitation 
across O’Toole et al. and Amirian et al.’s 
studies, where data collected may not be 
able to represent the whole medical student 
cohort (4–5). Only one training session 
was conducted in O’Toole et al.’s study, 
and hence there are concerns as to whether 
the improvements recorded were transient 
and not representative. The improvements 
shown may also be due to increasing 
familiarity with the surgical simulators 
instead of actual improvements in surgical 
skills (4). Amirian et al.’s study faced 
possible response bias as participants who 
volunteered for the research were likely to 
be more surgically-inclined (5). For Lemke 
et al.’s study, it was difficult to obtain an 
objective measure of the cost savings of the 
different intervention methods used as many 
factors were difficult to quantify, including 
faculty time cost and the ability of peer 
tutors to teach more participants or train 
more peer tutors at the same time (7).

Effectiveness of Instructional Videos 
or Programmes for Teaching Suturing 
Skills

In total, nine articles discussed the use of 
video instruction as a teaching method for 
suturing skills.

Overview of relevant articles 

In the studies, video instruction was often 
used together, or compared with other 
teaching methods, such as reinforcement 
of learning (9), computer-based video 
instruction programmed training (10–13), 
learning with an expert instructor’s feedback 
(10–11, 14–16) or peer feedback (15), 
and traditional lecture or seminar learning  
(12, 16).

Improvement in suturing performance

Some studies discussed the effectiveness of 
video instruction, or video instruction with 
other methods for teaching suturing skills, 
by comparing pre- and post- intervention 
test scores.

In Kumins et al.’s study, students took 
part in a self-directed computer-based 
video training for their surgical skills. They 
demonstrated a significant increase in the 
six assessed surgical and suturing techniques 
(13). Completing the course increased 
students’ basic knowledge of identifying 
instruments and proper surgical technique 
(13). However, video-guided learning in 
Tejos et al.’s study was found to correlate 
with significantly inferior post-assessment 
results, as compared to the expert and peer 
feedback group (15). This same sentiment 
was found in Rogers et al.’s study (12). 
Students who underwent computer-assisted 
learning had significantly lower quality of 
suturing performance as compared to the 
group that underwent a lecture feedback 
seminar (12). 

Xeroulis et al. and Shippey et al.’s 
studies both found that overall, students’ 
suturing performance improved following 
a computer-based video instruction (10) 
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and video instruction intervention (14). In 
Nousiainen et al.’s study there was found 
to be no significant differences between the 
use of video instruction, interactive video 
instruction, and interactive video instruction 
with expert feedback on the learning and 
retention of suturing and knot-tying skills 
in medical students, although all groups 
showed significant improvements between 
the pre- and post-tests (11).

Overall, the use of video instruction or 
computer-assisted learning programmes 
was seen to be a teaching method with 
much potential for skill-training in 
medical students. The use of instructional 
videos as a potentially efficient and 
effective teaching method could help 
to save time and resources in times of 
increasing demands for medical education  
(10, 12–17). This is very relevant, especially 
in times of a pandemic such as the 2019 
novel coronavirus outbreak, when remote 
learning is being carried out and would 
likely require the use of self-directed 
learning and video instruction to teach 
practical skills like suturing to medical 
students.

Participants’ preference

In Kumins et al.’s study, students found the 
videos to be an effective learning tool (13). 
However, the medical students in Tejos 
et al.’s study did not find the video-guided 
learning methodology without any kind of 
feedback to be effective (15). Similarly, in 
Rogers et al.’s study, the students felt that 
the lack of feedback in computer-assisted 
learning was not helpful for the students 
at all (12). Gammill et al.’s study only 
collected feedback from students, without 
pre- and post- intervention tests. Students 
expressed their improved comfort in basic 
suturing skills: they became more familiar 
with the correct positioning of instruments 
and carrying out simple interrupted sutures 
and instrument ties (17).

Retention of knowledge

Some studies discussed the impact of video 
instruction, or video instruction combined 
with other methods on the teaching and 
retention of suturing skills. 

Routt et al.’s study found that reinforced 
learning through multiple teaching sessions 
using video instruction was more effective 
for the retention of suturing skills in 
students than singular teaching sessions 
(9). In Xeroulis et al.’s study, students’ 
retention of knowledge one month after 
the intervention was significant only for 
the computer-based video instruction 
group and summary feedback group (10). 
Similarly, significant retention of knowledge 
one week after the intervention was only 
seen in the students who had undergone 
instructional video teaching intervention 
(14). All groups in Nousiainen et al.’s 
study, using video instruction, interactive 
video instruction and that with expert 
feedback, showed significant improvements 
between pre-tests and retention-tests (11). 
Addition of expert instruction did not cause 
significant improvements in retention of 
skills, and non-interactive video was found 
to be as effective as interactive-video-based 
instruction (11). A similar result was also 
seen in Chien et al.’s study (16). Students 
who watched a video recording of a training 
workshop were found to have no significant 
difference in suturing retention scores at one 
month and three months, when compared 
to traditional live workshop learning. Chien  
et al.’s study thus suggested that video-
based learning and live workshop training 
methods were of similar efficacy in teaching 
and retaining suturing skills of students (16).

Benefits of using instructional videos 

The primary advantage of instructional 
videos over conventional teaching 
methods is time effectiveness (10, 12–
17). Additionally, they reduce the need 
for faculty resources (14), a physician 
instructor (9), and a teaching venue  
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Effectiveness of Using Feedback from 
Reviewing Videos in Improving Suturing 
Skills

In total, five articles discussed the use of 
video feedback in improving suturing skills 
of medical students. 

Overall, all intervention groups in Nesbitt 
et al.’s study demonstrated improvements 
in their overall procedure score, with the 
highest improvement in the unsupervised 
video feedback group, followed by the 
individualised video feedback group and 
subsequently the generic feedback group 
(18). There were slightly different results of 
the students’ skills when they were assessed 
by faculty in Alameddine’s study (19). The 
video-review group which received coaching 
manifested greater average improvement 
in bimanual dexterity, while the control 
group demonstrated better improvement 
in overall efficiency and tissue handling 
(19). However, it was hypothesised that 
the students who received coaching might 
have performed better if they were given 
more practice time. Of the group that 
was coached, most agreed that it was a 
beneficial experience for them and felt that 
the experience improved their technical 
skills. All said that they would recommend 
the coaching sessions to their peers. In 
Wang et al.’s study, the reflection group did 
better in one task while the self-regulated 
group did better in two other tasks (21). 
Hu et al.’s study revealed that while 
participants seemed to give themselves 
higher self-assessment scores than what 
experts scored them, most of them rated 
the self-assessment experience to be “highly 
valuable” (22). In Sato et al.’s article (23), 
the students stated that point-of-view 
recording allowed them to review their 
performance repeatedly and hence know 
what to seek feedback on from their tutors 
and peers, which benefited their learning.

(13, 16). While conventional teaching 
is resource intensive and can only be 
conducted at fixed timings, instructional 
videos can be easily disseminated, studied 
by students at their own discretion and be 
reused for future batches.

Most studies agree that instructional videos 
are not inferior to conventional methods, 
and actually led to a higher retention of 
knowledge (9, 14). A possible explanation 
is that students can constantly refer to the 
video and focus on specific parts that they 
are not confident in. Additionally, they can 
constantly replay the instructions given, 
and learn by repetition. In addition, given 
the COVID-19 pandemic, there is a shift 
towards remote, self-directed learning (13), 
giving instructional videos a conferred 
advantage. 

Limitations of using instructional videos

However, there are certain limitations to 
the use of instructional videos for teaching 
suturing skills. Routt et al.’s study showed 
that video-based learning needed students to 
remain motivated to learn to be successful, 
since spaced repetition, at 10 repetitions 
every 10 days for a month, was needed for 
a student to become competent at their 
knowledge (9). However, Routt et al. did 
not compare their results against a group 
that underwent conventional teaching 
methods (9), hence it is not clear whether 
conventional teaching also requires spaced 
repetition to be effective.

Some studies showed that video-based 
learning is inferior to conventional methods 
with expert or peer feedback as it does 
not contribute to the development of an 
optimised teaching programme (15). These 
results are not representative of students’ 
performance in actual clinical practice (13) 
as with all simulations.
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In the other study done by Peden et al., 
similar use of head-mounted display 
eyeglasses was investigated to teach suturing 
skills (24). The students were split into three 
groups and watched instructional suturing 
videos from the surgeon’s point-of-view to 
learn suturing skills. One group of students 
had access to tutors as they viewed the 
videos in their headsets, one group went 
through conventional teaching without the 
glasses, while the last group underwent self-
directed learning with the smart glasses. 
Students’ suturing abilities after the teaching 
sessions were about the same in all groups 
(24). The results of this study, where 
students found the use of smart glasses 
enjoyable, were different from that of Sato 
et al.’s study, where some students had 
mild discomfort and anxiety using the smart 
glasses (23).

Benefits of using point-of-view smart glasses

The students found the recorded, point-of-
view videos of themselves to be very useful 
in reflecting on their suturing techniques. 
These videos provided perceptive angles to 
see the mistakes they would have otherwise 
not have seen from a normal video. Students 
also found the use of smart glasses more 
enjoyable as compared to conventional 
teaching in Peden et al.’s study (24).

Limitations of using smart glasses

The common limitations of this method are 
the high costs, and the limited resolution 
and image-recording quality of the smart 
glasses (23–24), although the quality of 
images would likely be improved with 
technological advances. Short battery life of 
the glasses and user fatigue were two other 
limitations reported in Peden et al.’s study 
(24). Overall, the use of the smart glasses to 
provide point-of-view feedback and teaching 
for suturing techniques seems to have high 
potential, compared to traditional video-
recording methods.

Overall, it seems that video feedback could 
be a valuable tool for teaching suturing 
skills, with the efficacy of real-time coaching 
and feedback being promising. 

Benefits of using feedback from reviewing 
videos

The benefits of this method include 
obtainability and cost-effectiveness (22), 
which makes them self-sustainable. 
However, ideally, there should also be 
external feedback along with it, in the form 
of either coaches (19) or “expert” video 
recordings (18, 21). Video recordings also 
allow students to review their performance 
repeatedly and seek out different peers and 
tutors for feedback (23).

Limitations of using feedback from reviewing 
videos

One limitation would be how the efficacy 
may be dependent on the motivation of each 
student (19). The onus of reviewing their 
own performance and evaluating points of 
improvement is entirely up to the student. 
Reviewing videos may hence be ineffective 
in students uninterested in picking up 
suturing skills.

Effectiveness of the Use of Smart Glasses in 
Teaching Suturing Skills

Two articles discussed the use of point-of-
view video using smart glasses in educating 
medical students on suturing techniques. 

In Sato et al.’s study, the tutor wore smart 
glasses while they demonstrated the suturing 
techniques to students through a live stream, 
from the surgeon’s point of view (23). 
Afterwards, students used the smart glasses 
to record their performances from their 
own point of views, followed by a feedback 
session evaluating their performances (23). 
The use of smart glasses during the tutor 
demonstration was not seen to be very 
helpful as students preferred to look at the 
live demonstration instead of the streamed 
video (23). 
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which can be investigated that could give 
insight on the best combinations of teaching 
methods to use in medical school curricula. 

CONCLUSION

Suturing is a fundamental surgical skill that 
all medical students should be familiar with 
before entering their clinical years. Other 
than the traditional lab-based method 
where students have hands-on experience 
under the supervision of experts, following 
the advancement of technology, many 
new methods have cropped up to reduce 
cost and manpower, as well as improve 
the learning of the students. In particular, 
the use of instructional videos is a good 
alternative to the traditional lab-based 
method as it allows students to review the 
videos repeatedly. The video self-reflection 
on the other hand is a good enhancement to 
the traditional method, allowing the student 
to reflect on their performance and come up 
with areas of improvement. The integration 
of these alternative methods can be a 
valuable and suitable addition to the current 
suturing curriculum. 

REFERENCES

1.	 Barnes RW. Surgical handicraft: 
teaching and learning surgical skills. Am 
J Surg. 1987;153(5):422–7. https://doi.
org/10.1016/0002-9610(87)90783-5 

2.	 Denadai R, Toledo AP, Oshiiwa M, Saad-
Hossne R. Acquisition of suture skills 
during medical graduation by instructor-
directed training: a randomized controlled 
study comparing senior medical students 
and faculty surgeons. Updates Surg. 
2013;65(2):131–40. https://doi.org/10.1007/
s13304-013-0199-y 

STRENGTHS AND LIMITATIONS

This review has several limitations, mostly 
due to differing study methodologies and 
scoring systems, which makes it difficult 
to control for selection bias. Furthermore, 
all but one of the studies were conducted 
in Western countries, hence, this data may 
not be applicable worldwide. We had also 
restricted our literature search to only 
include studies in English, which could 
have resulted in missing potentially relevant 
studies. 

COMPARISON WITH EXISTING 
LITERATURE 

While Cook et al.’s study (25) compared 
the uses of technological simulation against 
other instructional methods, this review 
aims to provide a comprehensive summary 
of the technological teaching methods 
available for basic suturing skills and 
make a comparison between the different 
technological interventions. In terms of 
outcome, this review serves to summarise 
and analyse the effectiveness of different 
technological intervention methods on 
learning suturing techniques. This is a 
more specific goal than Cook et al.’s review 
(25) which compared the effectiveness 
of different interventions as broad-based 
instructional methods.

IMPLICATIONS FOR FUTURE 
RESEARCH 

This review has consolidated the 
effectiveness of alternative ways of teaching 
suturing skills to medical students, other 
than the traditional lab-based or lecture 
methods. Future studies can investigate 
the effectiveness of different methods 
of teaching for suturing techniques in 
particular specialties, such as in orthopaedic 
surgery or laparoscopic surgery. Teaching 
methods involving combinations of several 
types of technology is also another area 

https://doi.org/10.1016/0002-9610(87)90783-5
https://doi.org/10.1016/0002-9610(87)90783-5
https://doi.org/10.1007/s13304-013-0199-y
https://doi.org/10.1007/s13304-013-0199-y


REVIEW ARTICLE | Teaching Basic Suturing Skills to Medical Students

17https://eduimed.usm.my

9.	 Routt E, Mansouri Y, Moll EHD, Bernstein 
DM, Bernardo SG, Levitt J. Teaching the 
simple suture to medical students for long-
term retention of skill. JAMA Dermatology. 
2015;151(7):761. https://doi.org/10.1001/ 
jamadermatol.2015.118 

10.	Xeroulis GJ, Park J, Moulton C-A, Reznick 
RK, Leblanc V, Dubrowski A. Teaching 
suturing and knot-tying skills to medical 
students: a randomized controlled study 
comparing computer-based video instruction 
and (concurrent and summary) expert 
feedback. Surgery. 2007;141(4):442–9. 
https://doi.org/10.1016/j.surg.2006.09.012 

11.	Nousiainen M, Brydges R, Backstein 
D, Dubrowski A. Comparison of expert 
instruction and computer-based video 
training in teaching fundamental surgical 
skills to medical students. Surgery. 
2008;143(4):539–44. https://doi.
org/10.1016/j.surg.2007.10.022 

12.	Rogers DA, Regehr G, Yeh KA, 
Howdieshell TR. Computer-assisted 
learning versus a lecture and feedback 
seminar for teaching a basic surgical 
technical skill. Am J Surg. 1998;175(6):508–
10. https://doi.org/10.1016/s0002-
9610(98)00087-7 

13.	Kumins NH, Qin VL, Driscoll EC, 
Morrow KL, Kashyap VS, Ning AY, 
et al. Computer-based video training is 
effective in teaching basic surgical skills to 
novices without faculty involvement using 
a self-directed, sequential and incremental 
program. Am J Surg. 2021;221(4):780–
7. https://doi.org/10.1016/j.
amjsurg.2020.08.011 

14.	Shippey SH, Chen TL, Chou B, Knoepp 
LR, Bowen CW, Handa VL. Teaching 
subcuticular suturing to medical students: 
video versus expert instructor feedback. J 
Surg Educ. 2011;68(5):397–402. https://doi.
org/10.1016/j.jsurg.2011.04.006 

3.	 Mukhopadhyay S, Booth AL, Calkins 
SM, Doxtader EE, Fine SW, Jerad M 
Grdner, et al. Leveraging technology for 
remote learning in the era of COVID-19 
and social distancing. Arch Pathol Lab 
Med. 2020;144(9):1027–36. https://doi.
org/10.5858/arpa.2020-0201-ed

4.	 O’Toole RV, Playter RR, Krummel 
TM, Blank Wc, Cornelius  NH, Roberts 
WR, et al. Measuring and developing 
suturing technique with a virtual 
reality surgical simulator. J Am Coll 
Surg. 1999;189(1):114–27. https://doi.
org/10.1016/s1072-7515(99)00076-9

5.	 Amirian MJ, Lindner SM, Trabulsi EJ, 
Lallas CD. Surgical suturing training with 
virtual reality simulation versus dry lab 
practice: an evaluation of performance 
improvement, content, and face validity. 
Journal of Robotic Surgery. 2014;8(4):329–
35. https://doi.org/10.1007/s11701-014-
0475-y 

6.	 Derossis AM, Bothwell J, Sigman HH, 
Fried GM. The effect of practice on 
performance in a laparoscopic simulator. 
Surg Endosc. 1998;12(9):1117–20. https://
doi.org/10.1007/s004649900796

7.	 Lemke M, Lia H, Gabinet-Equihua A, 
Sheahan G, Winthrop A, Mann S, et al. 
Optimizing resource utilization during 
proficiency-based training of suturing skills 
in medical students: a randomized controlled 
trial of faculty-led, peer tutor-led, and 
holography-augmented methods of teaching. 
Surg Endosc. 2019;34(4):1678–87. https://
doi.org/10.1007/s00464-019-06944-2 

8.	 Lia H, Paulin G, Yi N, Haq H, Emmanuel 
S, Ludig K, et al. HoloLens in suturing 
training. In: Fei B, Webster III RJ, 
editors. Medical imaging 2018: image-
guided Procedures, Robotic Interventions, 
and Modeling. SPIE Proceedings Vol. 
10576. USA: SPIE; 2018. https://doi.
org/10.1117/12.2293934 

https://doi.org/10.1001/ jamadermatol.2015.118
https://doi.org/10.1001/ jamadermatol.2015.118
https://doi.org/10.1016/j.surg.2006.09.012
https://doi.org/10.1016/j.surg.2007.10.022
https://doi.org/10.1016/j.surg.2007.10.022
https://doi.org/10.1016/s0002-9610(98)00087-7
https://doi.org/10.1016/s0002-9610(98)00087-7
https://doi.org/10.1016/j.amjsurg.2020.08.011
https://doi.org/10.1016/j.amjsurg.2020.08.011
https://doi.org/10.1016/j.jsurg.2011.04.006
https://doi.org/10.1016/j.jsurg.2011.04.006
https://doi.org/10.5858/arpa.2020-0201-ed
https://doi.org/10.5858/arpa.2020-0201-ed
https://doi.org/10.1016/s1072-7515(99)00076-9
https://doi.org/10.1016/s1072-7515(99)00076-9
https://doi.org/10.1007/s11701-014-0475-y
https://doi.org/10.1007/s11701-014-0475-y
https://doi.org/10.1007/s004649900796
https://doi.org/10.1007/s004649900796
https://doi.org/10.1007/s00464-019-06944-2
https://doi.org/10.1007/s00464-019-06944-2
https://doi.org/10.1117/12.2293934
https://doi.org/10.1117/12.2293934


18

Education in Medicine Journal 2021; 13(4): 1–18

https://eduimed.usm.my

20.	Vassiliou MC, Feldman LS, Andrew CG, et 
al. A global assessment tool for evaluation 
of intraoperative laparoscopic skills. Am 
J Surg. 2005;190(1):107–13. https://doi.
org/10.1016/j.amjsurg.2005.04.004

21.	Wang PZT, Xie WY, Nair S, Dave S, 
Shatzer J, Chahine S. A comparison of 
guided video reflection versus self-regulated 
learning to teach knot tying to medical 
students: a pilot randomized controlled trial. 
J Surg Educ. 2020;77(4):805–16. https://doi.
org/10.1016/j.jsurg.2020.02.014 

22.	Hu Y, Tiemann D, Brunt LM. Video 
self-assessment of basic suturing and 
knot tying skills by novice trainees. J Surg 
Educ. 2013;70(2):279–83. https://doi.
org/10.1016/j.jsurg.2012.10.003 

23.	Sato T, Sandars J, Brown J, Rogers S. 
Usefulness of smart glasses for suturing 
skills training. British Journal of Oral and 
Maxillofacial Surgery. 2019;57(10):E54. 
https://doi.org/10.1016/j.bjoms.2019.10.155

24.	Peden RG, Mercer R, Tatham AJ. 
The use of head-mounted display 
eyeglasses for teaching surgical skills: a 
prospective randomised study. Int J Surg. 
2016;34:169–73. https://doi.org/10.1016/j.
ijsu.2016.09.002 

25.	Cook DA, Brydges R, Hamstra SJ, et al. 
Comparative effectiveness of technology-
enhanced simulation versus other 
instructional methods. Simul Healthc. 
2012;7(5):308–20. https://doi.org/10.1097/
sih.0b013e3182614f95

15.	Tejos R, Crovari F, Achurra P, Avila R, 
Inzunza M, Jarry C, et al. Video-based 
guided simulation without peer or expert 
feedback is not enough: a randomized 
controlled trial of simulation-based training 
for medical students. World J Surg. 
2021;45(1):57–65. https://doi.org/10.1007/
s00268-020-05766-x 

16.	Chien N, Trott T, Doty C, Adkins 
B. Assessing the impact of accessible 
video-based training on laceration 
repair: a comparison to the traditional 
workshop method. W J Emerg Med. 
2015;16(6):856–8. https://doi.org/10.5811/
westjem.2015.9.27369

17.	Gammill S, Phelan K, Bennett T, Thrush 
C, Golinko M, Hartzell L, et al. Medical 
student feedback on a novel curriculum 
module: fundamentals of suturing skills 
(FOSS). UAMS Science Reports. 2020; 
[cited 2020 December 1]. Available from: 
https://sciencereports.uams.edu/medical-
student-feedback-on-a-novel-curriculum-
module-fundamentals-of-suturing-skills-foss/

18.	Nesbitt CI, Phillips AW, Searle RF, Stansby 
G. Randomized trial to assess the effect 
of supervised and unsupervised video 
feedback on teaching practical skills. J Surg 
Educ. 2015;72(4):697–703. https://doi.
org/10.1016/j.jsurg.2014.12.013 

19.	Alameddine MB, Englesbe MJ, Waits SA. 
A video-based coaching intervention to 
improve surgical skill in fourth-year medical 
students. J Surg Educ. 2018;75(6):1475–9. 
https://doi.org/10.1016/j.jsurg.2018.04.003

https://doi.org/10.1016/j.amjsurg.2005.04.004
https://doi.org/10.1016/j.amjsurg.2005.04.004
https://doi.org/10.1016/j.jsurg.2020.02.014
https://doi.org/10.1016/j.jsurg.2020.02.014
https://doi.org/10.1016/j.jsurg.2012.10.003
https://doi.org/10.1016/j.jsurg.2012.10.003
https://doi.org/10.1016/j.ijsu.2016.09.002
https://doi.org/10.1016/j.ijsu.2016.09.002
https://doi.org/10.1097/sih.0b013e3182614f95
https://doi.org/10.1097/sih.0b013e3182614f95
https://doi.org/10.1007/s00268-020-05766-x
https://doi.org/10.1007/s00268-020-05766-x
https://doi.org/10.5811/westjem.2015.9.27369
https://doi.org/10.5811/westjem.2015.9.27369
https://sciencereports.uams.edu/medical-student-feedback-on-a-novel-curriculum-module-fundamentals-of-suturing-skills-foss/
https://sciencereports.uams.edu/medical-student-feedback-on-a-novel-curriculum-module-fundamentals-of-suturing-skills-foss/
https://sciencereports.uams.edu/medical-student-feedback-on-a-novel-curriculum-module-fundamentals-of-suturing-skills-foss/
https://doi.org/10.1016/j.jsurg.2014.12.013
https://doi.org/10.1016/j.jsurg.2014.12.013
https://doi.org/10.1016/j.jsurg.2018.04.003

